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Effect of Trace Amounts of S on the Steam Oxidation Behavior for Mod.9Cr—1Mo Steels

Hiroyuki KuTtsuMl, Takehiko ITAGAKI and Fujio ABE

Synopsis : The oxidation behavior of six heats of Modified 9Cr—1Mo steel has been investigated in steam at four temperatures between 873 and 1023K
for up to 3.6 Ms, comparing with that of 9Cr—0.5Mo—1.8W-V-Nb steel and 11Cr—0.4Mo—2W-Cu—V-Nb steel. The difference of weight
gain due to steam oxidation among the six heats of Modified 9Cr—1Mo steel is not large at a low temperature of 873K, but it becomes more

significant with increasing test temperature. The heats containing higher sulfur exhibit smaller weight gain than those containing lower sulfur
and also than other steels examined. It is concluded that a good resistance to steam oxidation of Modified 9Cr—1Mo steel is closely correlated

with higher sulfur content.
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Table 1. Chemical composition of steels (mass%).
Steel | C Si_Mn P S Cu Ni C Mo V Nb W Al B N
ModA [0.10 0.38 0.40 0.015 0.001 0.022 0.12 853 0.96 0.21 0.08 - 0.010 0.050
ModB 10.09 0.34 0.45 0.015 0.001 0.026 0.20 851 0.90 0.21 0.08 - 0.020 0.042
ModC [0.09 0.29 0.35 0.009 0.002 0.032 0.28 8.70 0.90 0.22 0.07 - 0.001 0.044
ModD {0.08 0.34 0.49 0.005 0.004 0.020 0.09 8.34 0.89 0.23 0.07 - 0.011 0.059
ModE [0.08 0.34 0.49 0.005 0.004 0.020 0.09 8.34 0.89 0.23 0.07 - 0011 0.059
ModF |0.10 0.24 0.44 0.005 0.001 0.012 0.04 874 0.94 0.21 008 - 0014 - 0.058
S1 10.12 0.28 0.61 0.018 0.001 0.970 0.34 10.50 0.36 0.21 0.06 2.05 0.005 0.003 0.069
S2 [0.09 0.16 0.47 0.010 0.001 0.13 8.97 0.45 0.21 0.06 1.89 0.002 0.050
Table 2. Condition of heat treatment on steels.
| @873k
, 0.20 ——
Steel Normalized Tempered 923K Steam oxidation
ModA| 1318KX 0.6ks. A.C.| 1053KX 3.6ks. A.C. 3.6Ms
ModB| 1323KX 3.6ks. A.C.| 1033KX 3.6ks. A.C. 0.15
ModC| 1323KX 0.6ks. A.C.| 1038KX 1.8ks. A.C.
‘ModD| 1323KX_0.6ks. A.C.| 1043KX 3.6ks. A.C.
ModE| 1323KX 0.6ks. A.C.| 1043KX 3.6ks. A.C. 0.10
ModF| 1333KX 5.4ks. A.C.| 1033KX 3.6ks. A.C. ‘
________ s 1323K X 6.0ks. A.C.| 1043KX21.6ks. A.C. 0.051
S2 1343KX7.2ks. A.C.| 1053KX7.2ks. A.C. B
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Fig. 2. Weight gain of steels exposed in steam for 3.6 Ms.
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Fig. 1. Schematic illustration of steam oxidation test appa-
ratus.
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Fig. 3. Cross sections of the oxide layers formed on the surface of steels by exposing them to steam atmosphere at 873—1023K for

3.6 M.
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Fig. 4. X-ray diffraction patterns of the outer scales
formed on surface of ModA, ModE, ModF and
S1 by exposing them to steam atmosphere at
873-1023K for 0.36 Ms. a) X-ray diffraction pat-
terns of the outer scales on surface of ModA,
ModE, ModF and S1 exposed in steam at 873K
and at 973K for 0.36 Ms. b) Changes in X-ray dif-
fraction pattern of the outer oxide layers with
steam temperature.

923K ML EDRE THMN S, ModEIZDWT E923KEL LT
FHORAFMHIZEDENE EDOD, LI 503
A—URBENTWS, LB ->TSEAEENE VY ModE
T2 923K M kO E TAREREBEIL X r — L ORKRDHTS
MO ERE->THEEDEEbh s,

X5IZ, A —LEEOBEVA I DFMICERARS 28,
ModA, ModEH X U ModFIZ DWW T, X#~v{rua7+ 7
A4 — % FHT 923K 3 £ UY973K T 0.36 Ms (100 h) KZEX
BALREBR A 1T % > 7B DERAL 2 7 — LW D TR 0 &
17572, ¥&H% Fig. 5~Fig. 7IZR L7z, §RTDAT — L
FHAIR L 2@ 2 — L AL T D, Fig SIT/RL L
E 3 IZNBIZ Fe/Cr A ¥ 3 ILER{LY, 421215 Magnetite A
g anEs, KEHORBEF TIINER 7 — L L gk
EORBAMFIZBILZ 7y — L kD SBERBE KL, Fe
BXUCHEERMBLITLAEEDS TVHKMSED S
Nz, ZOEBKHEBETRTE AT - L2 B 55
XiZh-THD, NEERLE L EbN 3B, Fig 61213k
SEHEBE M%) ModE % 973K D 7K #5732 B % T 0.36 Ms
(100h) % L =Bt 2 r — L O ERMERER L2, Z
DAL 2 7 — VIO RER & IR L TR E S REAEL

45

Mod.9Cr— 1Mo 1D KFEREA I RIT T MEREDOLE

Fig. 5. Characteristic X-ray map of each eclement in the
oxide scale formed on ModA exposed in steam at
923K for 0.36 Ms.
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Fig. 7. Characteristic X-ray map of each element in the oxide scale formed on ModE exposed in steam at 923K for 3.6 Ms.
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